Mortality and Morbidity Statistics and Air Pollution
by A E Martin MD DPH (Ministry ofHealth, London) Although the medical effects of continued exposure to polluted urban atmospheres are probably more important to the community than the immediate results of exposure to individual peaks of high pollution, it is the intention of this paper to deal only with the latter. It is these which appear to offer the ultimate possibility of developing an epidemiological method of measuring the effects of air pollution on man so that different polluted atmospheres may be compared, the role of individual pollutants identified and the beneficial effects of the Clean Air Act assessed.
The Occasional Severe Polluted Fog Modern interest in the medical effects of air pollution was stimulated by the very severe polluted fog of December 5-8, 1952 , which was estimated to have caused some 4,000 additional deaths in Greater London (population over 8,000,000). Other severe London fogs occurred in November 1948, believed to have caused 700-800 additional deaths, January 1956 (1,000 additional deaths), December 1957 (700-800 additional deaths) and December 1962 (700 additional deaths). The usual method of making these estimates is to obtain the numbers of deaths classified according to the date of occurrence, and by reference to the periods immediately before and after the incident, to estimate the probable numbers which would have occurred had there been no disturbance to the mortality rates. The difference between these and the actual numbers of deaths gives the estimated number of additional deaths. On some occasions the presence of other meteorological conditions, such as severe cold or the presence of epidemic disease such as influenza, may complicate the situation and render the estimation difficult.
The London fog of December 1952 was investigated by a number of workers and the results subsequently assembled in a report of the Ministry of Health (1954) . This included analyses of deaths in Greater London, and of various morbidity indices. A detailed investigation was made of 1,280 post-mortem reports of persons who had died suddenly either before, during, or immediately after the incident. Special studies have also been made on other severe London fogs (Logan 1949 , 1956 , Bradley et al. 1958 , Martin & Bradley 1960 , Scott 1957 , 1958 , 1959 , 1963 . Polluted fogs of similar severity are known to occur in the various provincial cities but, owing to the smaller populations at risk, chance fluctuations in the numbers of deaths are more liable to obscure the findings.
A typical picture of the severe pollution incident emerges from the various London investigations. The rise in mortality is immediate, a considerable number of deaths occurring within the first twenty-four hours and the numbers of deaths fall abruptly on the termination of the incident. The age groups particularly affected are usually said to be the very elderly, and to a lesser extent the later middle ages and infants under one year; but in the fog of December 1952 the actual percentage increase in mortality was approximately the same in all age groups. Other polluted fogs have been found by Scott (1963) to differ in the degree to which they affected the relative proportions of deaths in the 0-69 and the 70 years and over age groups.
No clinical syndrome or post-mortem findings pathognomonic of air pollution have been described. The excess deaths occur almost entirely from respiratory and cardiovascular causes and in the post-mortem reports of the 1952 incident no cases of sudden death were found which could not have been explained by previous respiratory or cardiovascular lesions. There was a tendency for the cardiovascular deaths to occur earlier in the incident than the respiratory ones and for the numbers to fall rather more abruptly when the fog ended. Among the respiratory deaths the excess occurred among those suffering from bronchitis and emphysema and most of the deaths in the cardiovascular group were of persons suffering from ischemic heart disease. Both the clinical and post-mortem findings were consistent with pollution having a nonspecific effect on persons already having serious respiratory or cardiac lesions.
The Investigation ofLess Severe Incidents From the investigation of the occasional severe air pollution episode it is a logical step to examine less severe incidents to see if it is possible to define any threshold levels of pollution above which undesirable effects may be expected. Scott (1957) , Gore & Shaddick (1958) and Burgess & Shaddick (1959) described investigations using daily mortality figures for the County of London for a series of polluted fogs during the years 1954-7. To reduce the effects of chance fluctuations and to minimize the effects of any subsequent compensatory fall in mortality to subnormal levels seven-day moving averages of the numbers of deaths were used. The authors con- In an investigation of four similar incidents in Sheffield, Clifton and her colleagues (1959) used daily numbers of deaths from bronchitis and bronchitis sickness certificates issued for National Insurance purposes. They found that in a city the size of Sheffield the daily numbers of bronchitis deaths were insufficient to provide a satisfactory index of mortality.
During the winter of 1958-9 Martin & Bradley (1960) made a study of the daily numbers of deaths in Greater London over a period of four months. In order to render the figures susceptible of statistical treatment as a time series the effect of the winter seasonal trend in the numbers of deaths was eliminated by using a fifteen-day moving average as a base line and expressing the daily figures as deviations from it. The winter was a particularly foggy one and there were six incidents where pollution rose above 1,000 pg/c.m of smoke and 25 parts per hundred million of sulphur dioxide (715 pg/c.m) and there was a considerable number of other foggy days with raised levels of pollution (Fig 1) . As a result of the very rapid rise in mortality which takes place in air pollution incidents it was possible to calculate a series of correlation coefficients between the various indices of fog and pollution and those derived from deaths on the same day from all causes and from bronchitis and pneumonia (Table 1) . Owing to a curved regression the logarithms of the values of smoke pollution were used and a significant correlation of 0 61 was found with deaths from all causes and of 0-41 with deaths from bronchitis. The corresponding correlation with deaths from pneumonia was not significant. Similar correlations were found with sulphur dioxide. These are particularly exacting tests of the association between pollution and mortality since on some occasions the rise in mortality does not occur until the day after the rise in pollution and when the period of high Table 1 Correlation between mortality indices and indices of smoke and sulphur dioxide in Greater London pollution lasts several days the resulting mortality curve is often dicrotic. In addition considerable fluctuations in deaths will occur as a result of other influences and as a result of chance variations. The degree of scatter in the observations is therefore considerable and is illustrated in Fig 2. The correlations between the numbers of deaths and the pollution on the preceding day is comparatively low, thus confirming that the effect on the mortality index is immediate and is usually most prominent on the actual day of high pollution.
Corresponding correlations for the winter of 1959-60 have now been calculated. This was a winter characterized by relatively few fogs and incidents of high pollution. Thus there were only 16 days with smoke pollution more than 500 ,ug/c.m as compared with 42 in 1958-9. The significant positive correlation between mortality and pollution was, however, still present although the coefficients were lower than the previous year.
The existence of these significant correlations is a clear indication of the statistical relationship between air pollution and mortality. The possible effects of climate and other factors and the degree to which the relationship may be regarded as one of cause and effect have been discussed in earlier papers (Martin & Bradley 1960 , Martin 1961 . Correlation techniques alone cannot be used as a method of measuring the toxicity of a city's atmosphere since the coefficients will be influenced by the number and severity of the periods of high pollution during the period investigated. It is therefore necessary to try to establish the relationship between different levels of pollution and the resulting effects on mortality. This is illustrated for the winters of 1958-9 and 1959-60 in Tables 2 and 3. In the compilation of this summary the figures were first grouped into incidents or periods of continuously raised pollution and the data for any days on which pollution had fallen from a previously higher level were excluded, since it would not be possible on these days to say how far the mortality was the result of the pollution prevailing on that particular day.
It is seen in the Tables that high levels of pollution are almost invariably associated with high levels of mortality. At the other extreme the effects become progressively less obvious until they merge with the mass of observations distributed at random around the fifteen-day moving average. From the data it would be difficult to fix any threshold value below which levels of air pollution might be regarded as safe. The Tables do not take into account any effect due to the length of the individual incidents. An examination of the data suggests that, had there been sufficient incidents to confine the analysis to the first one or two days of each, a higher degree of association might have been apparent, for mortality often tends to fall on the second or third day even though the pollution remains high. Morbidity Studies Theoretically morbidity should provide a more sensitive index of the effects of pollution. The different types of data and the difficulties in establishing a satisfactory index have been described in a report of the World Health Organization (Lawther et al. 1962 ). Thus it is often difficult to establish a satisfactory boundary between health and sickness; some populations, such as schoolchildren, members of the Armed forces or workpeople, may be too healthy to exhibit a sufficient number of serious illnesses; and indices based on absence from work give no information for weekends and public holidays. Many of the indices show a pronounced weekly cycle, certain days of the week being more popular than others for a person to declare himself sick.
In the investigation of the London fog of December 1952, information on sickness was collected from as many sources as possible including National Insurance sickness claims, applications for admission to hospital, pneumonia notifications and observations of general practitioners. This information did little more than confirm many of the conclusions drawn from the mortality study. There was some indication that the increase in numbers of cases was not as large proportionately as the increase in deaths, and that the effects were not so sudden in producing a marked rise in the early days of the fog. Information collected in a number ofother severe London fogs also yielded little additional information and was useful chiefly in confirming the findings of the mortality studies.
The Sheffield investigation of Clifton et al. (1959) was based principally on National Insurance certificates for bronchitis and showed that these can be useful particularly in cities where the numbers of deaths are insufficient to provide a satisfactory mortality index. Probably the most sensitive method of studying morbidity in relation to air pollution is that devised by Lawther (1958) and his colleagues at the Medical Research Council's Air Pollution Research Unit. Patients with bronchitis attending a number of hospital clinics in London were asked to keep personal diaries in which each recorded his own assessment of his daily condition under one of four headings: 'better than usual', 'the same as usual', 'worse than usual' or 'much worse than usual'. In a later study these were altered to 'better', 'same' or 'worse' as compared with the day before. An arbitrary method of scoring was used in summarizing these diaries so that it was possible to construct a trend line showing the daily condition of the group.
The results of this method indicated that the degree of illness was more closely related to daily values of atmospheric pollution than to any other factor in the winter months, but the association disappeared when the pollution fell to low levels in the spring. The patients were found not to be influenced by the mere appearance of the weather and periods of low visibility did not always correspond with a deterioration of the group's condition.
Applications for admission to hospital in London have also been found to be a useful index of morbidity. Figures are available for each day of the week including weekends; although they Table 4 Correlation between morbidity indices (based on Emergency Bed Service applications) and indices of smoke and sulphur dioxide in Greater London exhibit a marked weekly cycle, this may be removed by a simple statistical procedure (Martin 1961) . The figures may then be processed in exactly the same manner as the mortality figures used by Martin & Bradley (1960) . In a study of the two winters 1958-9 and 1959-60 significant positive correlations were obtained for both cardiovascular and respiratory conditions with smoke and sulphur dioxide pollution (Table 4 ). Significant correlations were also obtained using the total numbers of applications for all causes during the winter of 1959-60 but not for the following winter. Some good correlations were also obtained when the figures for men aged 45-79 were used (Fig 3) .
The association is also apparent in Tables 2 and  3 , where specified levels of smoke and sulphur dioxide are related to the corresponding levels of morbidity on the same day expressed as deviations from the 15-day moving average. The morbidity figures were calculated in the same manner as those for mortality and the results indicate the same general picture though with a somewhat greater degree of irregularity.
Recent Trends
By the end of 1960 comparatively little progress had been made in the establishment of smoke control areas under the Clean Air Act of 1956, although a gradual fall in the ratio of smoke to sulphur dioxide in London's atmosphere had been noted from 1957 onwards. During the next two years steady progress was made in the Clean Air programme and by 1962-3 some 25 % of properties in Greater London were estimated to be situated in smoke control areas and smoke emissions were known to have declined by over onethird.
The incidence of fog and the number of days of high atmospheric pollution were low during the winters of 1960-1 and 1961-2, but in December 1962 a particularly severe fog occurred, comparable in many respects with that of 1952. It lasted some 80 hours, as compared with 96 in the earlier incident, and does not appear to have been quite so dense, so uniformly persistent or so irritant to the nose and throat. Pollution by sulphur dioxide reached similar levels on the two occasions but smoke pollution was considerably lower than in the 1952 incident. Only 700 deaths are estimated to have been associated with the later incident, as compared with 4,000 estimated deaths in 1952, but the danger of attempting to draw conclusions from comparisons of single incidents has been stressed (Ministry of Health 1963 , Scott 1963 . 1962; in particular, newspaper and radio publicity had made the population aware of the dangers so that susceptible people suffering from cardiac and respiratory diseases could take precautions.
A number of other incidents of raised pollution occurred during the winter of 1962-3, each accompanied by a rise in mortality and morbidity. January and February 1963 were exceptionally cold; at Kew Observatory it was the coldest January since 1838. The low temperatures, accompanied by the usual winter respiratory infections, produced a marked elevation of both mortality and morbidity rates over the two months and under these exceptional conditions it would clearly be difficult to assess the effects of days of raised atmospheric pollution.
Discussion
The effects of the occasional very severe pollution incident in a large city are dramatic and indisputable but those of the smaller variations in pollution are difficult to detect. Individual peaks in mortality or morbidity often fall within the range of chance variations; many observations therefore have to be assembled before tests of significance show satisfactory results. In addition to chance variations there are many factors which cause fluctuations in mortality and morbidity rates. Some are eliminated by the use of deviations from a 15-day moving average; others, in particular those causing sudden variations in the rates, may appear as deviations similar to those associated with air pollution. Thus in the 1962-3 figures the prolonged cold weather of January -February produced a rise in the 15-day moving average, while individual days of exceptionally low temperatures produced sharp deviations from the moving average. Low temperatures are one of the factors commonly thought to enhance the effect of air pollution on man but the results so far obtained are insufficient to verify this.
A further factor which may influence the effect of air pollution on mortality is the amount of illness current in the population at the time. The investigation of the 1952 fog showed that the deaths occurred in people already-suffering from serious respiratory or cardiac disease and it is reasonable to assume that some of these might in the natural course have died within a few days. This hypothesis is supported by the compensatory fall of the mortality curve to subnormal levels often noticed after a pollution incident and by the fall in mortality which often occurs on the second day of an incident even when the pollution rates remain high. An air pollution incident which occurred in the middle of the influenza epidemic of February 1959 was accompanied by an exceptionally high mortality confined to the day of maximum pollution. As further data become available it is hoped to study this probletn in more detail. Epidemiological investigations have so far been unable to distinguish between the effects of the various common air pollutants. In the earlier incidents each pollutant was found to have increased in similar proportion. The position is now changing and the ratio of smoke to sulphur dioxide in London is falling. Levels of sulphur dioxide show no decrease, however, and in crowded areas of tall buildings may well be increasing. In co-operation with Dr Lawther and his staff at the MRC Air Pollution Research Unit a detailed study is being made ofthe mortality and morbidity data of the past four years. It is hoped that by the use of the techniques described in this paper, and by taking the years 1958-60 as a base line for comparing the effects of more recent changes in air pollution, it will be possible to assess the relative importance of the smoke and sulphur compounds in the atmosphere. This should supplement the experimental studies now being carried out in the Unit of the effects of various mixtures of pollutants on man.
